Polyuria is a frequent symptom of hyperparathyroidism. Impairment of renal concentrating ability, often out of proportion to other signs of renal insufficiency, has been noted in patients with hyperparathyroidism (1-3) as well as in patients and animals with hypercalcemia due to other causes (4) (5) (6) . In many patients with hyperparathyroidism, extensive deposits of calcium in the renal parenchyma, secondary fibrosis, superimposed pyelonephritis and vascular disease have combined to destroy considerable amounts of renal substance. The mechanism of the reported decrease in renal concentrating ability in such patients is not clear, since fixation of urinary specific gravity is a well-known accompaniment of the simple ablation of renal tissue (7) .
In the present experiments, renal concentrating capacity was found to be depressed in dogs in which hypercalcemia had been induced for only 24 hours by injecting parathyroid extract. This functional defect was associated with morphologic changes in the distal portions of nephrons and the collecting ducts.
MATERIALS AND METHODS
Mature female dogs weighing 8 to 22 Kg. were maintained on Purina Chow® supplemented with horsemeat. All experiments were carried out under light pentobarbital anesthesia. Inulin was determined by the method of Walser, Davidson and Orloff (8) , osmolality of serum and urine with a Fiske osmometer, serum calcium according to Kingsley and Robnett (9) , and sodium in serum and urine by flame photometry.
* Aided by grants from the National Heart Institute and the American Heart Association. Group I. Studies of concentrating ability during graded osmotic diuresis Four dogs were studied. Prior to the experiment, food and water were withheld for 24 hours. Five units of vasopressin in oil 1 was injected subcutaneously on the evening before the experiment. A control study was carried out on each dog one week before it received parathyroid extract. A total of 90 units of parathyroid extract 2 per Kg. was injected subcutaneously in three divided doses during the 24 hours preceding the second study. During the experiment, 0.5 per cent inulin in physiological saline was infused at a rate of 1 to 1.5 ml. per minute, together with 50 to 100 milliunits of vasopressin 1 per Kg. per hour. Samples of urine and blood were collected at 10 to 15 minute intervals. After a suitable period of equilibration, urine flow was slowly increased from less than 1 ml. per minute to more than 10 ml. per minute by gradually increasing the rate of infusion of 5 per cent mannitol in 0.72 per cent saline. This technique permitted examination of the concentrating function over a wide range of urine flows and rates of solute excretion.
Group II. Studies of concentrating ability during a constant infusion of mannitol Seven dogs were studied before and after receiving parathyroid extract in doses comparable to those given to the preceding group. Five per cent mannitol in 0.72 per cent saline was infused at a rate of 0.50 to 0.75 ml. per Kg. per minute throughout the experiment. Inulin and vasopressin were infused simultaneously as in Group I. Following an equilibration period of one hour, when urine flow had reached a constant value, collections of urine were made every 10 to 15 minutes. Samples of blood were obtained from the jugular vein at intervals of 20 to 30 minutes. Three dogs were restudied in the same way at intervals up to five weeks after treatment with hormone.
In six additional dogs not given parathyroid extract, the effect of progressive osmotic loading on TCH2O was studied by increasing the rate of infusion of 5 per cent (12) . fied, cellular debris formed obstructing casts with similar in distribution to the early alterations. dilatation proximally.
Proliferative lesions, seen only in the medullary In the kidneys of dogs autopsied two weeks to portion of the collecting system, consisted of intwo months after receiving parathyroid extract tratubular cellular masses, often calcified, which there was "fatty change" of the tubular epithelium produced obstruction and proximal dilatation, and in places extended beyond the tubular basement membrane into the connective tissue stroma.
Chemical analysis of the kidneys in two instances (Table II) demonstrated an increased calcium content of the renal medulla. The amount of calcium in the renal cortex was not greatly altered by injections of parathyroid extract. These changes will be described more fully elsewhere (13) . The character and distribution of the renal lesions resembled those observed in rats intoxicated with vitamin D (6) . 
DISCUSSION
Renal function is often impaired in hyperparathyroidism (14) and although renal insufficiency may prove reversible (3, 14, 15) it frequently progresses even after the concentration of calcium in the serum is restored to normal by parathyroidectomy. Edvall (14) found the clearances of inulin and para-aminohippurate (PAH) as well as TmPAH to be depressed in most but not all patients with hyperparathyroidism. Hellstrdm (2) noted that patients with this disease frequently excreted urine with maximum specific gravity below normal, even when azotemia was absent. After operation, the ability to concentrate the urine was often restored. Cohen, Fitzgerald, Fourman, Griffiths and deWardener recorded maximum urinary concentrations below the concentration of solutes in plasma in two patients with hyperparathyroidism who in addition had reduced levels of glomerular filtration rate and (in one) a decreased renal plasma flow (3) .
The present experiments suggest that the ability of the kidneys to produce a concentrated urine was impaired after only 24 was also reduced by parathyroid extract. Acute reductions in glomerular filtration rate, induced by compressing the renal artery of dogs undergoing mannitol diuresis, result in a rise, rather than a fall, in maximum urinary osmolality (16) . Nonspecific destruction of renal tissue, whether produced by injecting an aminonucleoside into the renal artery, by experimental pyelonephritis or by temporary renal ischemia, does not appreciably reduce the ratio of TCH2O to glomerular filtration rate, even though the latter may be considerably depressed (17) . This is also true, in general, of patients with chronic nephritis whose glomerular filtration rate is below normal (18) The morphological alterations in these kidneys, localized chiefly to the ascending portion of Henle's loop, the distal convoluted tubule and the collecting ducts, are interesting in the light of current theories concerning the mechanism by which the kidneys reabsorb water and excrete a concentrated urine (20, 21). Impairment of renal concentrating ability might theoretically result from: 1) a decrease in the reabsorption of sodium without water in the ascending limb of the loop of Henle, 2) disruption of the counter-current mechanism by which sodium (and urea) are concentrated in the medulla, and 3) slowing of the backdiffusion of water from the collecting ducts to the hypertonic interstitial fluid of the renal medulla (a process normally facilitated by vasopressin). The data of these experiments are probably compatible with any of the above explanations, although excretion of hypotonic urine by hypercal- The changes in concentrating ability observed in these experiments were associated with an elevated serum calcium, yet it is noteworthy that hypercalcemia of the same degree produced acutely by infusions of calcium salts does not result in nearly as large changes in TCH2O as those observed here (22) . Perhaps the serum level of calcium is less important in this regard than the calcium content of cells lining the medullary tubules, or the structural and metabolic changes induced in the renal medulla by prolonged hypercalcemia and/or hypercalciuria. In addition to producing hypercalcemia, parathyroid hormone probably directly induces certain changes in the metabolism of renal tissue (23) which are not entirely reproduced by increasing the concentration of calcium in the serum, the renal cells, or the urine. It is of interest that morphological and functional changes in the kidneys similar to those of the present experiments can be produced by the administration of large doses of vitamin D to rats (6 
